Influence of high hydrostatic pressure on properties of metal hydrides belonging to different specific groups; ionic (alkaline and alkaline earth metals based hydrides), covalent (aluminum hydride, copper hydride), metallic (transition metals based hydrides, rare earth metals based hydrides) and hydrides of several intermetallic compounds is reported. Focus is put on EOS parameters and pressure induced transitions including change of crystal symmetry and/or segregation.
I. INTRODUCTION
In the first half of the last century P. W. Bridgman initiated challenging studies of matter under very high pressure. 1 His innovative constructions and ideas resulted in characterization and understanding of the behavior of hundreds of substances in extreme pressure conditions. Pioneer research of Bridgman was honored with a Nobel Prize in 1946. However, among large number of materials which were object of his studies we cannot find hydrogen neither metal hydrides. On the other hand in the same period Wigner and Huntington 2 predicted, basing on quantum mechanical calculations, that molecular hydrogen at about 30 GPa would transform into the metallic state. Unfortunately the high pressure facilities capable to check this prediction were not available at that time. Nevertheless theoretical prediction of Wigner and Huntington together with experimental basis founded by Bridgman resulted in growing interest towards studies of hydrogen and hydrides under extended pressure conditions. The next important step in this exciting challenge has been done by Baranowski and Wiśniewski who synthesized nickel hydride from elements 3 what required hydrogen pressure of almost 1 GPa. The technique for hydrogen compression in pistoncylinder apparatus was then developed up to 3 GPa and used in syntheses of series of novel hydrides. 4 Then Ponyatovskii and his group, 5 proposed a thoroidal type apparatus with teflon ampoule containing sample and internal hydrogen source (like aluminum hydride) separated by silicon oil. Their equipment extended available hydrogen pressure range up to 10 GPa. Wakamori et al. 6 improved this technique by combining multianvil press with a copper ampoule containing sample (to be submitted to reaction with hydrogen) and a hydride used as a hydrogen source. Sample was separated from hydrogen source by a palladium foil and/or ceramics permeable for hydrogen. Later on similar assembly was proposed by group of Fukai. 7 Number of reviews on synthesis of metal hydrides by using high hydrogen (deuterium) pressures are now available. 4, 5, [8] [9] [10] When a substance is submitted to compression in the hydrogen atmosphere at least two effects should be taken into consideration:
-effects related to thermodynamic potential changing with hydrostatic pressure, -effect of growing chemical potential of hydrogen on hydrogen solubility in the studied material.
We cannot separate both effects when working with hydrogen as pressure transmitting medium where our main goal is synthesis of novel hydrides. Of course this is very challenging and still very promising field of research. However, the studies of pressure-induced changes in a large group of metal hydrides are also very attractive. In this case an inert pressure transmitting medium is used so we have to deal only with the first, "pure pressure" effect mentioned above. Appearance of a number of various pressure-induced structural (phase transitions, phase separations etc.), electronic and/or magnetic phenomena can be also expected. Moreover, by comparing the change of molar volume of the parent material and its hydride as functions of pressure it is possible to separate hydrogen contribution and to determine compressibility of hydrogen in the solid environment of the host metal.
As stated before, the research of Bridgman has initiated publication of thousands of papers about the influence of hydrostatic pressure on properties of elements and various compounds but long time hydrides were out of scope of such research. The first high pressure experiments were related to high pressure behavior of the lithium hydride. [11] [12] [13] This was followed by Wu 14 who reported the phase transition in rubidium deuteride submitted to 1 GPa pressure (from further studies this transition occurs but at much higher pressure). The broad research on different hydrides (including alkali earth hydrides, rare earth hydrides, borohydrides and alanates) compressed to pressures higher than 10 GPa started in 1975 as Polish-Japanese collaboration. Results of this research were gradually published. [15] [16] [17] [18] The hydrides were compressed by using the Bridgman anvil apparatus. In situ measurements of their electrical properties as a function of pressure, indicated possibility of phase transitions in rare earth hydrides, borohydrides and alanates. Such indication has not been found for alkali-earth metal hydrides up to 12 Gpa. 18 Soon later the development of diamond anvil cell technique and its application in studies of metal-hydrogen systems revealed a number of interesting phenomena in these compounds.
II. ALKALI METAL HYDRIDES
The alkali-metal hydrides are ionic compounds which can be treated as analogous to alkali-metal halides. In contrast to alkali-metal hydrides which at normal conditions have only the NaCl-type (B1) crystal structure the alkali-metal halides can have either B1 or CsCl (B2) structures. It has been found that at high pressure the B1-type halides transform into B2-type structure. [19] [20] [21] Following this observation Bashkin et al. 22, 23 measured volume of potassium and cesium hydrides as a functions of pressure. In these experiments they used tungsten carbide piston-cylinder device so the in situ determination of structural changes was not possible. However, they could confirm transition from B1 (NaCl-type) into the B2 (CsCl-type) structure by low temperature XRD measurements of samples taken from high pressure device after preliminary quenching. By using a simple hard-sphere ion model and assuming similar behavior of alkali-hydrides and alkali-halides Bashkin et al. 22 have predicted that B1-B2 transition is thermodynamically possible for all alkali-metal hydrides (excluding LiH) and proved this prediction experimentally (but not in a direct way) for KH 22 , CsH 23 and RbH. 24, 25 The volume changes during B1-B2 transitions for these hydrides were 8.5 % for CsH 23 and 10.6 % for RbH 24 . They did not proved B1-B2 transition for NaH for which calculated volume change was estimated as only ~2%. For LiH calculated B2 phase volume was higher than that of B1 phase so it was concluded that pressure induced B1-B2 transition in LiH is not possible.
In the same period the data related to B1-B2 transitions in alkali-metal hydrides derived directly from DAC experiments were published by Hochheimer et al. 26, 27 who reported transition pressures, volume changes at transitions pressures and parameters of EOS for both B1 and B2 phases. They found that the transition pressure from B1 to B2 structure increases with decreasing metal ion diameters as was suggested by Bashkin et al.
22
. Hochheimer et al. 26 have proved also that the compressibility of B1 alkali-hydride phase is higher comparing with B2 phase. This tendency is similar to that observed for alkali-metal halides. 22, 28 Data of Hochheimer and Bashkin were in relatively good agreement. Hochheimer et al., in spite of much higher range of available pressure (28 GPa) also were unable to trace the B1-B2 transition in NaH but derived the value of bulk modulus for B1 phase of this hydride.
In search of B1-B2 transition Duclos et al. 29 submitted sodium hydride to pressure as high as 54 GPa. The energy-dispersive XRD patterns taken at CHESS (Cornell High Energy Synchrotron Source) have shown B1-B2 transition to start near 30 GPa. The data from DAC experiments for series of alkali-metal hydrides are collected in Table 1 Figure 1 . Fig. 1 . X-ray diffraction pattern for Sample 2 (fcc-MnH 0.64 ) observed during the in situ measurements in DAC apparatus. 43 The comparison of EOS parameters of manganese hydrides and hydrides of other transition metals (Cr. Pd and Ni) is given in Table 2 . Bulk moduli of V, Cr, Pd and Ni and their corresponding hydrides are identical within the limit of experimental error independently of the fact that Pd hydride and Ni hydride have the same crystal symmetry as the parent metals while chromium hydride is formed with the change of crystalline symmetry from bcc to hcp.
The manganese hydrides behave in different way. The increase of molar volume during formation of hydride strongly depends on the structure of the resulting hydride. For the fccMnH 0.64 it is by 50 % higher than for hcpMnH 0.84 . Therefore it is not surprising that compressibility of fccMnH 0.64 is higher and finally it transforms into the hcpMnH 0.64 . However, very surprising is relatively small compressibility of fccMnH 0.30 N 0.08 which at nearly half of interstitial atoms comparing with fccMnH 0.64 has markedly higher molar volume. For sample 2 the closed symbols correspond to reduction of pressure. For other samples data for pressure increase and reduction did not differ. Results for α-Mn shown for comparison are in agreement with the data in reference. 45 the nitrogen doping (sample 3) has stabilizing effect on the fcc structure which remains stable up to the highest pressure available in this experiment. It is known that interstitials stabilize fcc structure of manganese to relatively low temperatures. 46 One can speculate that evacuation of hydrogen and nitrogen from the sample 3 (fcc-MnH 0.30 N 0.08 ) under vacuum at temperature sufficiently low to not destabilize the fcc lattice, would result in synthesis of theoretically predicted ferromagnetic fcc-Mn stable at room temperature. This speculation has been proved when sample was placed in vacuum at 250 0 C. The hydrogen-free and nitrogen-free sample was stable when cooled to room temperature. This ferromagnetic fcc lattice of pure Mn is not stable with respect to pressure and when compressed at room temperature to 7 GPa has a phase transition. However the final product of compression is not hcp phase but just α-Mn. This treatment (formation of hydride with reconstruction of lattice and evacuation hydrogen at moderate temperature) can be given as an example of application of hydrogen for "quenching" and stabilization of structures not available with usual methods.
IV. ALUMINIUM AND COPPER HYDRIDES
Both, aluminum (α-AlH 3 ) and copper (hcpCuH) hydrides are very unique binary hydrides which form stable crystalline solids at room temperature despite an equilibrium hydrogen pressure near 3 GPa for AlH 3 47 and decomposition pressure of CuH as high as 8,4 GPa
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. The Me-H (Me = Cu or Al) bonding in AlH 3 and CuH is characterized in the literature as partly covalent and/or ionic. 49, 50 Aluminum trihydrides can be synthesized in seven different polymorphic structure by simple organometallic methods 51 while the copper hydride is synthesized as a hexagonal crystalline form in reaction between hypophosphorous acid and copper sulphate. 52 However, both hydrides have never been obtained from virgin metallic elements.
Results of compression of AlH 3 were firstly reported by Baranowski et al. 53 in 1985 and recently by Graetz et al. 54 . High pressure structural studies of CuH were reported by Tkacz et al.
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. Investigation on both hydrides do not indicate a first order structural transition. The EOS parameters for metallic Al, Cu and their hydrides are presented in Table 3 . Table 3 . EOS parameters of aluminum, copper and their hydrides.
Bulk moduli (K 0 ) for both hydrides are nearly half of the values for corresponding metallic elements. This reflects unique character of these hydrides which is opposite to that of alkali metal hydrides (ionic bonding hydrides) where K 0 is nearly three times higher comparing with pure metals. It is also different from transition metals hydrides for which the K 0 values are of the same order as for parent metal. High compressibility of αAlH 3 can be related to increasing covalent character of Al-H bonding with increasing pressure. 54 Very likely similar effect occurs during compression of CuH.
V. RARE EARTH HYDRIDES
Interesting structural properties of series of rare earth hydrides 49 and metal -semiconductor transition in CeH x and LaH x for 2<x<3 reported by Stalinski 58, 59 and Libowitz 60 have stimulated investigations of these hydrides also under high pressure conditions, mainly in search for possible phase transitions.
At normal conditions the light rare earth trihydrides as LaH 3 , CeH 3 , PrH 3 or NdH 3 have fcc structure but heavy earth trihydrides from Sm to Lu (excepting Eu and Yb hydrides) have hcp symmetry with larger molar volume 25, 60 . Extrapolation of the molar volumes of fcc and hcp trihydrides as functions of atomic number of the corresponding rare earth gives two parallel lines separated by the distance ~2 cm 3 . One could expect that under high pressure conditions the hcp trihydrides will transform into the fcc structure with higher density. Recently the interest to high pressure studies of yttrium and rare earth hydrides resulted in number of publications. [64] [65] [66] [67] [68] [69] [70] 70 . Values of bulk modulus K 0 for hcp YH 3 given in both papers differ markedly (142 GPa from Palasyuk 65 and 72 GPa from Machida 70 ).
The value 72 GPa seems more reasonable as it is similar to those of other RE hcp trihydrides. 64, 66, 67 Value given by Machida is more than 50 % higher then K 0 for metallic yttrium (44.9 GPa) 71 but it is hard to expect that bulk modulus for YH 3 will be, like in alkali metal hydrides case, three times higher than for pure yttrium. Thus it seems that GPa of Palasyuk 65 should be reconfirmed.
The systematic high pressure studies of rare earth trihydrides by using DAC confirmed former suggestions and conclusions from indirect measurements from late 70' of last century. Results are collected in Table 4 . 
